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Abstract 

Using rotation in SU (3) space, a set of relations between var- 
ious decay modes of Bd and B s are derived. The decays B® — ► 
K*~i: + (p + K~), B® — > K*~ K + are expressed in terms of decay param- 
eters of BS — > p~7r + (p + Tr~). In particular the parameters r j.(r_| ) 

of B<i — * pn decays are obtained in terms of experimentally known de- 
cay rates i?_ + (i?+_)^= \ {T p+7T - {p - n+) + f p - 7r + (p+7r - ) ) ,R'_ + (R' + _) = 
\ (?K*+iT-(p-K+) + V K*-ir+(p+K-)) , known parameters A, fa*/ fp(fl</ U) 
and two parameters B (_ = j^Ejp > B-\ = \t+-\^ wmcn are deter- 
mined by using factorization for tree amplitudes T and T H . We 
find r_+ = 0.21 ± 0.04, r+_ = 0.25 ± 0.06. With these values the 
following bounds on {z = cos 7 cos 5, x = sin 7 sin 5) are derived: 

-0.34(-0.33) < Z-+(z+-) < 0.28(0.27) 

and 

0.16(0.43) < x_+(x+_) < 0.58(1.00) 

From (x, z) plot we obtain following bounds on weak phase 7 and 
strong phases 6's z_ + > 0,7 > 70°, 10° < < 40°, z_ + < 0,7 > 
65°, (180 - 5-+). For <5+_ we get 25° < 5+_ < 90° or (180 - 5 + J). 
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The decays of B mesons to two light mesons which belong to an octet or 
nonet representation of SU (3) have been extensively studied [TJ.The various 
decay modes can be related to each other by rotation in SU (3) space, using 
the relations [2] 



[F}M = ^-\5)q k (1) 
[Fj,f] = -5 k ^+ l -S i j q k (2) 

where Fj are SU (3) generators. In particular, using 

[FlH w {s)] = H w (d) (3) 

F*\s) = -\d), Fl\d) = \s) 

Fl\d) = -\s) (4) 

F*\B° d ) = F%\bd) = -\bs) = -\B° S ) (5) 

we can relate various decay modes. The SU (3) relations for various decay 
modes have been studied in refrences [31 H]. In this paper, we concentrate on 
the decay modes which we believe have not been covered although there is 
bound to be overlap. Suppressing the CKM factors (which can be inserted for 
each relevant amplitude) we obtain the following relations for various decay 
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modes for B — > PV decays: 

(K*°K°\H w (d)\B° d ) = (K* K°\H w {s)\B° s ) 

+ { j= 2 [<P°^° \H W (s)\ Bf) - (u,K° \H w (s)\ S3)] 



</f°^ |^(d)|BS> 



where 



Vns 

(K*+K-\H w (d)\B° d ) 
(K*-K + \H w (d)\B° d ) 

(K*°K- \H w {d)\B~) 



^\H w {s)\Bf) 

(K* K°\H w (s)\B° s ) + 
{\[{C> - P> - P> EW ) - {C> + P> + \P> EW )] 

~ (-P' + \P'ew)} 



+ 



i 

V2 



(K°K* \H w (s)\B° d ) 
- {^K^\H w {s)\Bf)- 
( Vns K* \H w (s)\B° d ) 
+ ( Vs K*°\H w (s)\B° d ) 



\H w (s)\B° s ) - {p+K- \H w {s)\ B° d ) 
(K+K*- \H w (s)\B° s ) - (n+K*- \H w (s)\B° d ) 

-±= [(p°K- \H w (s)\ B-) - {uK~ \H w {s)\ B~)] 

-{<t>K-\H w {s)\B-) 
1 
2 



(T + C' + P' + P' EW ) — [T' + C' + P' + -P 1 



(6) 
(7) 

(8) 

(9) 
(10) 



EW 



P + ^P'ew 



(11) 



(K K*~ \H w {d)\ B-) = -=[(7r°K*-\H w (s)\B-)-( Vns K*'\H w (s)\B-)} 



V2 

+ (r ls K*-\H w (s)\B-) 



(12) 



For the sake of completeness, using the above technique we derive the fol- 
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lowing relations . 

(p-n+ \H w (d)\B° d ) 
(p + n-\H w (d)\B° d ) 
(</m-\H w (d)\B-) 

<07T° \H w (d)\B° d ) 



[K*-n + \H W (s)\B° d ) + (p-n + \H W (s) \ B° s ) (13) 

[p+K- \H W (s)\B° d ) + (p+n- \H W (s)\B° s ) (14) 

[<f>K~ \H W (s)\B~) + (K*%- \H W (s)\B-) (15) 

_1_ (<PK° \H W (s)\B°) + (jW \H W (s)\B°) 
72 +(<fm \H w (s)\B° d ) 



1 

i 



—p' — -p' 



EW 



+ -j=[C - P' + P'ew) 



(16) 



We note that only penguin contributes to the decay channel B — > K K , B 
K°K*°. Hence it follows from Eqs.fD), (J7 



IB and (HZ 



[K*°K°\H w (d)\B° d ) 
(K* K°\H w (s)\B° s ) 



p = \v ub \\v: d \e~^p u -\v cb \\v; d \p c 

\V cb \\V cs \\P c \ x [-A + re^^] 

p / =iK6irae-* y p«+i^iraPc 







\Vcb\ 


\Vcs\ 


^ (S3 - 


+ K°K*°) = 


\Vcb\ 


\v cs \ 


A (B° s - 


+ K°K*°) « 


\Vcb\ 


\Vcs\ 


A (B~ - 


► iT ^) = 


\Vcb\ 


\v cs \ 


A {B~ 


-^iT) = 


\Vcb\ 


\Vc\ 


A (B~ - 


>K°K*-) = 


\Vcb\ 


\Vcs\ 


A (B~ - 


^ Vs K*~) = 


\Vo\ 


\Vcs\ 


where 


re iS = 


\v ub \ 


K d \ 




\Vcb\ 


\Vcs\ 



\Pc 
Pr 



X 



I p'°~ I 



I P'°~ I 
|p'-0| 



1 

— < 
3 



1 + ^EW 



p. 



Pu 

Pr 



i-0\ 



1 



-o 



,i5 



(17) 

(18) 
(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 
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A 2 A 2 
V cs — 1 — — , V c d = —A, V us = A, V u d = 1 — — 

A = ^r- (26) 

1 - A 2 /2 v ; 



and 



>EW 



I P' I 



It may also be noted, that for the decay channel B~ — > <f)TT~ , only color 
supressed and electroweak penguin contributes. Negelecting the color su- 
pressed penguin contribution in Eq. (fT5|) . we get 

A (B- -> K*%-) = \V cb \ \V CS \ \P?-\ (27) 

and 

A (B~ ^ p-K°) = \V cb \ \V CS \ |P C '-°| (28) 

Electroweak penguins are in a class different from those of gluon penguins. 
Assumung factorization for electroweak penguin, we get from Eq.(jSJ), an in- 
tresting sum rule 

f P Ft K K) - \f u F*-* {ml) - \uFt K K) = (29) 

Assuming 

Ft K K) = F*- K (ml) = Ft K K) (30) 
we obtain the relation 

f P - \u -lu = ° ( 31 ) 

reminiscent of current algebra, and spectral function sum rules of 1960's [5]. 
Sum rule (13T|) is very well satisfied by the experimental values [0] 

f p = (209 ± 1) MeV, f u = 187 ± 3MeV, = 221 ± 3MeV 

The assumption stated in Eq (13"U1) holds as the form factor Fi at lGeV will 
not differ much at the masses mp, ml and m 2 
Similarly we get the sum rule 

/* - \fv ns - \k a = (32) 
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Finally, from the term in curly bracket in Eq.Q we get the following relations 
between average decay rates and mixing induced CP asymmetries for B d — > 



,f>K 



S(p°K a ) + S(uK s 
2 

C(p°K s 



(4.7 ±0.6) + (5.1 ± 1.6) 



5.3 ± 1.12 



1.2 ±0.3 



S(<pK s ) -- 
-C{ujK s 



sin 2f3 

2r' c sin 7 sin 5' + 0(r' c r' EW ) 



(33) 

- expt. value 

(34) 
(35) 



where 



r' c e iS ' 



p 1 



W\ 



AS' 



(36) 



We obtain some intresting results from Eqs.flU]) and ffTUl) . First we note that 
only ^-exchange diagram contributes to B d — > K* + K~ , K + K*~ decay chan- 
nels; neglecting this contribution and also neglecting the IE-exchange con- 
tribution to B® — > p + n~ , p~n + in Eqs (TT3"j) and ( |T4"1) . we get 



[K* + K~\H w (s)\B° s ) 



(P + K 

1Kb 
\P + 



\Hw(s)\B° d ) 



[K+K*-\H w (s)\B° s ) 



\T~ 



7T 



K*-\H w (s)\B° d ) 



W, 



ub 



id 



\T~ 



fp 



1 

r- 



(37) 



(38) 



Before, we examine the consequences of B — > PV decays for various channels 
obtained above, we discuss the various decay channels of B — > P\P<i- For 
these decays, replace K* with K in Eqs.flTJ), (TTUT) and (TT2l). Hence for the 
decay amplitudes A(B Q d K°K°), A(B° S -»■ K°i?°); replace P c by p' c ; r,5 



by r n , <^ in Eqs. $17]) and JTHJ) and P ( 



/0- 



and 5' _ by p' c , r£ and 5' c in 



Eq. ()2ip for the amplitude A(B — ► if if ). The amplitudes for the decays 
B° — > K + K~ , — ► r] s K~ and _B~ — > 7r _ ^° are given below. 
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A (B° s -> K + K~) 
A (B~ -> if°if-) 
In addition we have 

A(B~ 



A (B° - n+K~) 



\V cb \\V us \\t'\e-^ + \V cb \\V us \\ P ' c \ 
\V cb \\V us \\p' c \ 



l +r V(-7+5')j 



\V cb \\V cs \\p' c 
\V cb \ \V C 



-A + r' c e l( -^ 



For the observables for the decay B — > P\P2- 

r (s° -> if °i?°) ± r (s° -> k°k°) 



(r n ) , A n 
(r c ),A c 



r (b+ -> if+if°) ± r (s- -»• if-if° 



^CP 



4 C 

^CP 



(rn) 

A. 

(r c > 



we obtain the following results 

T(B° S ^K°K°) « T(£T 



7T 



AT (£- 



7T 



"if ) 



/2 



2r' r 

1 =^cos7COs5„ + 

A A 



(r c ) 



AT (B- -> 7r-if°) 



jn,c 
^CP 



2r' r, 

1 cos 7 cos o_ + — 

A n A 



'21 

2 



AT (5- -> 7T-i?°) 

5v) 



n,c . r-/ 

2— sin <5„ iC sin 7 



(39) 
(40) 



(41) 

(42) 

(43) 
(44) 

(45) 

(46) 
(47) 

(48) 
(49) 
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Using the following values for the branching ratios: [5] 



we get 



B (B~ -> n-K°) 


= 


(24.1 ± 1.7) x 1(T 6 


B (B~ -> K°K ) 




(1.2 ±0.32) x 10" 6 


B (B° - 




(1.13 ±0.38) x 10~ 6 


(T„> 




= 0.94 ±0.32 


A 2 r (5- -> 7T- 




(r c ) 




= 1.00 ±0.25 


A 2 r (b- -> 7T- 





Hence 



/ 2r' r' 2 \ 

( 1 - ^cos7COs5' n ± -^J = 0.94 ±0.32 



1 - ^cos7cos<5' c ± J = 1.00 ±0.25 



cos 7 cos o„ + — 
A A 

In this approximation 

2r' 

au,c n.c . cf 

a cp = -ysin«5 v sin7 
With improvement in experimental accuracy, these predictions can be 
From Eq. (j4"T]) . we get the results 

r(B°^K+K-) « r(a° 

, T s+ T s-\ . , , r _ x — 2r' sin sin 7 

A CP (K + K « A CP = — — 7-^ 

v 7 v 7 1 + 2r cos o c cos 7 + r z 

The experimental values [8] for the decay rates and Aqp are 
r^^Tr+FT) = (1.82 ± 0.08) x 10~ 5 

r (b° s -»■ K + ir) < 5.9 x io~ 5 
A C p(7r + fs:-) = -0.113 ±0.020 
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Eqs.f l5T|) and (1351) can be tested when the experimental data on B® — > 
K + K~ will be available. 

In order to discuss the mixing induced CP- asymmetries we first give a 
general expression for the time dependent decay rates for B° — > f, / in terms 
of these asymmetries 



(t) 



-rf 



1 (R f + Rf) (1 ± A CP ) ( 1 + C °^/cf / A A f{ ) ) (59) 
2 V ; i)y ; \ -sin Ami (S f ± A5/) J v ; 



The decay rates Tj f can be obtained from Eq. (!59|) by changing cos Ami — > 
— cos Ami, sinAmt — > — sin Ami. 

The direct CP asymmetries C/±AC/ and mixing induced CP-asymmetries 
Sf ± ASf in terms of scattering amplitudes are given by 



C f ± AC 



f 



(Rf + Rj) (l±A CP )(S f ±AS f ) 

R f 



.4, 



CP 



A 1 

A CP 



A 



f,f\ 



A 



/•/I 



A 



f,f\ 



+ A 



fj\ 



± {R f - R f ) + (R,a f + Rjaj) 



(Rf + R f )(l±A CP ) 



21m 



p -2i<j) M A*_ A- 
e A fJ A fJ 



A t 



-, Rf 



\Ai 



\A, 



(60) 
(61) 

m 



Rfttf - 
Rf-aj = 
R f a f ~ R f a f 



T |2 



\ A f-\ -\ A f 



Af - A 



T |2 



Rf + R 



f 



-a f , 



CP 



Note the weak phase 



'M 



(3 for B° d and 



(63) 
(64) 

: — af (65) 
for B?. For the case 



\f) = CP\f), we have R f = R f , a f = a f , A CP = 0, AC f = 0, AS f = 
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For this case, we have 

£/ (t) - Fy (t) 

r/ (f ) + r, (t) 

Cf 



cos AmtC f — sin AmtS 



f 



\A f \ 2 - \A f \ 2 
\A f \ 2 +\A f \ 2 
21m [e-^AJA/] 



7 |2 



/ 



(66) 
(67) 
(68) 



The mixing-induced CP asymmetry S (tt + K~) is zero, since the decay B® — > 
7i~K + is not allowed in the standard Model. However, for the decay P^ — > 
K°K° and Pj? — > K + K~ , the CP asymmetries, can be easily calculated using 



S 



A n CP (69) 
AT (B- -> 7T-^°) J sin 2/3 - 2^ sin (7 + 2/5) cos 5' n 



(T„> 
S n (K+K-) 



% sin (2/5 + 2 7 ) 



(70) 



sin 27 — 2r' cos <5' c sin 7 



1 + 2r' cos 5' c cos 7 + r' 2 
« — sin 27 + 2r' cos 5' c sin 7 cos 27 (71) 

The mixing induced CP-asymmetry S (K + K~) and direct CP-asymmetry 
^4cp (7r + i^ _ ) would give an alternate way of determining phase 7, when ex- 
perimental data on B° s — > K + K~ will become available. 

For the decay B° — > PV, we get similar results as for P° — > P1P2. In 
particular, the following results are of particular interest. From Eqs. (1291) to 
( 132|) . we obtain 



(r°-) 



AT (P- -> fsT*°7r-) 



1 — 2^- cos7coso _ + — 



A 



A^ 



(r-°) 



AT (B- -> 



CP 



CP 



/ 2 

o r -0 r/ 1 r -0 

2^=- cos7coso _ + -tq- 



A 



AT (P- 



(TO-) 
AT (P- -> g-g^) 
(f=5> 
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A 



O 0- • • rf 

2^— sm7smo _ 
A 

2^— sm7smo_ 
A 



(72) 
(73) 

(74) 
(75) 



There is no experimental data on B~ — > K*°K~ and B~ — > K*~K° decays 
to draw conclusion regarding weak phase 7 and strong phases 5' _ and 5'_ . 
However from Eqs. (1371) and (1381) . we obtain observables for which experimen- 
tal data is available. In particular, we get 



r(sj 



K*-K + ) 
K* + K ) 



A 



CP 



r (b° -> ;r-7r + ) 
r (5° -> 

-a' (K*-K + ) = -a' (K*-tt + ) 



\T- 



R'_ 



2r_ 



/if* . . r 

— — — sin 7 sin o_ 

Jp 



where 



A CP 



Acp 



(K* + K~) = -a' { P + K-) 



i2 r 



2r + _ ^ sin 7 sin 5 + _ ( 



|T+ 



[— 2r |_ sin 7 sin 8. 



[— 2r + _ sin 7 sin <5 H 



R' 



\T~ 



\T+- 



| T -H 

|T+" 



/p 



2r__i_ — — cos 7 cos o_ 



2r, 



/ir 



cos7cos<5 + _ + ^rj 



A" 



[l + 2r_ + cos 7 cos 5_ + + r 2 + ] 
[l + 2r + _ cos 7 cos 5 + _ + r 2 ^] 



(82) 

(83) 
(84) 
(85) 
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From above equations, we obtain the results 



A'* 



,2 



r 



A 2 



A 



fx 

u 

P__ 



P'_ 



R'_ 



P_ 



<B_ 



[B+_ 



1 



A'* 



Jit . 



(86) 
(87) 
(88) 
(89) 



In the end, we discuss the relations between various observables defined in 
Eqs.flSSiED f o r the decays B° d -> p-n + ,p+n- and P s ° -> K*~K+, K* + R-. 
The CP violating asymmetry Acp, the direct CP violation C, the dilution 
parameter AC, the mixing induced CP violation S and dilution parameter 
AS for the pn and if* if decay channels, are related to each other by SU(3). 
We obtain the following results for the various observables, using Eqs. fl371) 
and (138]) ; dashed quantites refer to P° — ► K*~K + , K* + K~ and undashed to 



4' 



CP 



a + A' C pAc' 



AC + A CP C 



_ 1 P_+ + P+_ 
~2P , _ + + P' + - 

_1P-+ + P+- 
~2R!_ + + R! + _ 

R, - R. 



tM± + llL)A CP 



+ 



Ik* _ f_K_ 

fp fir 



Ik* _|_ Ik. 

fp fir 



(C + AcpAC) 
(C + A CP AC) 



R — u + Pa 



AC + A' CP C 



R' 



R' 



P-+ + R'+ 



(90) 

(91) 
(92) 



Taking 5 t = (8^ — 8 T + ) = 0[9J, we get for mixing induced CP- violating 
parameters S and AS, the following results: (neglecting terms of the order 

r-+r+-) 



- t {B_ + + t 2 B + _)[AS' + A CP S'] 



R — y- + R+ 
R'-a- + R+ 



-2 cos 7 



f K * 

fp 
.£&>. 



sin 5 4 



+^r £ r_ + cos5_ + 

Jtt 



(93) 
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(S_+ + t 2 S + _) [S + AcpAS] 



- sin (2/3 + 27) - sin (2/3 + 7) x 
(r 1 cos + r . cos <5+_) 



(B.+ + ^B+J) [AS + A C pS} 



- t {B_ + + t 2 B + _)[S' + A CP AS'} 



2 cos (2/3 + 7) [r + _ sin 5 H 
R — 1_ + — r 



r l sin 5- 



R-4- + R'-V- 



f K *f K 
fp 



+ sin 7 



, , sin 27 

JPJt: 

^r_ + cos<!>_ 
+ i f 1 r + _ cos 5 



In order to make contact with the experimental data, we use the data of 
refrence [8]. Using the following experimental values 

R_ + + R + _ = (22.8 ± 2.5) x KT 6 

R'_ + = (11.8 ± 1.5) x 10~ 6 , R' + _ = (8.5 ± 2.8) x 1(T 6 (97) 
az+ = 0.15 ± 0.08, a + _ = 0.53 ±0.13 
C = 0.30 ±0.13, AC = 0.33 ±0.13 (98) 

we obtain 

A CP = -0.087 ± 0.07, = (14.9 ± 2.2) x 10~ 6 , R + - = (7.9 ± 1.8) x 10" 6 

(99) 

Hence using the above values we get from Eqs. (l86l) . (187) 

a_ + = -0.20 ± 0.11 (-0.05 ± 0.14) , a' + _ = -0.60 ± 0.41 (-0.26 ± 0.15) 

where the numbers within the brackets are experimental values. 

In order to obtain the values of r_ + and r + _ from Eqs. (l88|) and (1891) we 
need the values for £>_ + and -£>+_. Using [9], 

= 1.03 ± 0.12, = 1.05 ± 0.12 (100) 

we obtain 

r 2 + = 0.044 ± 0.014; r_+ = 0.21 ±0.04; 0.17 < r_ + < 0.24 (101) 

r\_ = 0.063 ± 0.038, r+_ = 0.25 ±0.06; 0.19 < r+_ < 0.30 (102) 
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to be compared with the values given in refrence [7|. The following remarks 

are in order. The values given in Eq. fllOOp has been obtained from B h = 

,y , B + _ = using factorization for the tree amplitude T_ + with 

\vJb\ = 3.45 x KT 3 , /+(mj) = 0.26 and t 2 = 0.52 

Using the above values of r_ + , r + _ , B_ + and 5 + _ , we get from Eqs. (I80f8ip 
and(L 

x_+ = sin 7 sin <5_+ = 0.37 ±0.21, 0.16 < x_+ < 0.58 (103) 

x+_ = sin 7 sin 5+_ = 1.11 ±0.68, 0.43 < x + _ < 1 (104) 

= cos 7 cos <L+ = -0.03 ±0.31, - 0.34 < z„ + < 0.28 (105) 

= cos7cos5+_ = -0.03 ± 0.30, - 0.33 < z + _ < 0.27 (106) 

From Eqs. (jl03p and (I104p . we obtain the following limits on the final state 
strong phases, for 7 in the range 51° < 7 < 75° [8] 

10° < 5_ + < 48° or 170° > <5_+ > 132° 
27° < 5+_ < 90° or 153° > 5+_ > 90° 

We note that x and z satisfy the following equations 

x 2 z 2 
+ 



sin 2 7 cos 2 7 



x 2 z 2 



(107) 



+ 



sin 2 5 cos 2 5 



Figs(l,2) display these ellipses in (x,z) plane for x_. + ,z_ + and x ^ , z_j re- 
spectively for various values of 7 and 5. The experimental data restrict the 
allowed area in (x,z) plane to the dark shaded regions in Figs(l,2). It is 
clear from Fig 1, that for z_ + < 0,7 > 65°, whereas 7 > 70° for z_ + > 0. 
From Figs 1 and 2, we also note that 5- + < 40° for z_ + > or <5_ + > 140° 
for z_ + < 0, whereas <5 + _ > 25° or 5 + _ < 155°. 

Using the experimental values given in Eqs. fl97|) and fl98l) . we obtain 

R , +R t = 1-12 ±0.22 (108) 

A' CP = 0.14 ±0.09 (109) 
C' + A'cpAC = -0.34 ±0.17 (110) 
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Since the experimental values for mixing induced asymmetries S and AS 
have large errors, there is no point in giving the numerical values for S' and 
AS'. 

To conclude: 

Using rotation in 577(3) space, a set of relations between various decay 
modes of B mesons have been derived. In this way, we have avoided use 
of group representation of 577(3) symmetry In particular we have related 
the decay modes of B° d and B° s to KK, K*K, K*K and B° s -> K+K~ to 
B% — > tt + K~ . Due to lack of experimental data, some of the relations cannot 
be tested. However for B° — > pK, ujK, 4>K decays we get 



(ru + (r) P ox „ 1 s( P °K 8 ) + s(ujK s ) . 

— '— ta 1, =S((j)K s ) = - sin 2/3(111) 

\ L l<t>K 1 

C(p°K s ) = -C{uK s ) (112) 

u-\u-\u = ( 113 ) 

In more details, we have expressed the decay amplitudes (K*~K + \H w (s) \ B®\ - 
(K*-n+ \H w (s)\B d ) and (K* + K~ \H w (s)\ B°) = (p + R- \H w (s)\B%) in terms 
of the decay parameters of — > p~n + and B® — > p + n~ respectively. In par- 
ticular in Eqs. (1881) and ( |89l) . we have obtained r h( r +-) i n terms of two un- 
known parameters B h (£?+_) as all other terms in these equations are known 

experimentally. These equations follow from broken S77(3). SU(3) is a good 
symmetry except for the masses and the matrix elements of weak currents 
between vaccum and pseudoscalar or vector mesons belonging to octet or 
nonet representations of SU(3). Thus 577(3) breaking effects are taken care 
of by using physical values for masses and for f n , f K , f p and fx*. Parameters 
B |_(7? + _) are determined using factorization for tree graph. Having deter- 
mined r_ + (r + _), we obtain z_ + (z + J) and x_ + (x + _) from Eqs. (l84|) . (|85|) . (IHUl) 
and (1ST]) . From x ^ and x + _ following bounds on strong phases are obtained 

10° < <5_+ < 48°, 27° < S + - < 90° (114) 

For z (., < 0, the angles lie in the second quadrant. Further from Fig(l) 

, we get lower limit on 7 to be 65°, and for the final state phases we get 

5_+ < 40°(5_+ > 160°) 
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Figure 1: Plot of x_ + versus z_ + for various values of 7 (solid curves) and S 
(dotted curves). The dark shaded area is the region allowed by experimental 
data. 
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Figure 2: Plot of x + _ versus z + - for various values of 7 (solid curves) and S 
(dotted curves) The dark shaded area is the region allowed by experimental 
data. 
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From Fig 2, we get 

5+_ > 25°(5+_ < 155°) 
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Figure Captions: 

Figurel: Plot of x_ + versus + for various values of 7 (solid curves) and 
S (dotted curves). The dark shaded area is the region allowed by experimental 
data. 

Figure2: Plot of x + _ versus z + _ for various values of 7 (solid curves) and 
8 (dotted curves) The dark shaded area is the region allowed by experimental 
data. 
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